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EXPANDABLE WELLBORE JUNCTION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This is a division of application Ser. No. 09/086,716, ?led 
May 28, 1998, such prior application being incorporated by 
reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to operations per 
formed in conjunction with subterranean wells and, in an 
embodiment described herein, more particularly provides 
methods and apparatus for interconnecting multiple well 
bores. 

It is well known in the art to drill multiple intersecting 
wellbores, for example, by drilling a main or parent wellbore 
extending to the earth’s surface and then drilling one or more 
branch or lateral wellbores extending outwardly from the 
parent wellbore. However, interconnecting these wellbores 
at intersections thereof still present challenges. 

It is important to prevent migration of ?uids between 
earthen formations intersected by the wellbores, and also to 
isolate ?uid produced from, or injected into, each wellbore 
from communications with those formations (except for the 
formations into, or from, which the ?uid is injected or 
produced). Hereinafter, completion operations for produc 
tion of ?uid are discussed, it being understood that ?uid may 
also, or alternatively, be injected into one or more of the 
wellbores. 

An expandable wellbore junction permits a unitiZed struc 
ture to be positioned at a wellbore intersection. The expand 
able junction is then expanded to provide access to each of 
the wellbores therethrough. In this manner, the unitiZed 
wellbore junction may be conveyed through the dimensional 
con?nes of the parent wellbore, appropriately positioned at 
the wellbore intersection, and then expanded to provide a 
tubular portion thereof directed toward each wellbore. 

Unfortunately, methods and apparatus have vet to be 
developed which address problems associated with utilizing 
expandable wellbore connectors. For example, it would be 
desirable for minimal dimensional restrictions to be pre 
sented where a linear or casing string extending into each of 
the wellbores is connected to the wellbore connector, in 
order to provide enhanced ?uid ?ow and access there 
through. As another example, in some cases it would be 
desirable to be able to expand the wellbore connector in the 
parent wellbore prior to drilling the lateral wellbore. 
Additionally, it would be desirable to provide methods and 
apparatus for conveniently and advantageously attaching 
tubular members to the wellbore connector. It is accordingly 
an object of the present invention to provide such methods 
and apparatus. 

SUMMARY OF THE INVENTION 

In carrying out the principles of the present invention, in 
accordance with an embodiment thereof, methods and appa 
ratus are provided which facilitate interconnection of mul 
tiple wellbores in a subterranean well. 

In one aspect of the present invention, a method is pro 
vided in which a cavity is formed in a parent wellbore prior 
to drilling a lateral wellbore. The cavity is formed below 
casing lining the parent wellbore. An expandable wellbore 
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2 
connector is positioned in the cavity and expanded therein. 
The wellbore connector may be cemented in the cavity. The 
parent wellbore may then be executed, and the lateral well 
bore may be drilled, by passing one or more cutting tools 
through the wellbore connector. Methods and apparatus for 
sealingly engaging the wellbore connector with tubular 
methods extending into the wellbores are also provided. In 
an alternate method, the cavity may be formed radially out 
wardly through the casing. 

In another aspect of the present invention, a tubular mem 
ber is sealingly attached to a wellbore connector by out 
wardly deforming the tubular member within the wellbore 
connector. The tubular member has a radially reduced por 
tion with a sealing material carried externally on the radially 
reduced portion. When the tubular member is radially out 
wardly deformed, the sealing material is radially com 
pressed between the tubular member and the wellbore con 
nector. A grip member or slip may also be carried on the 
radially reduced portion of the tubular member. The grip 
member may be circumferentially continuous and may be 
disposed at least partially within the sealing material. 

In yet another aspect of the present invention, methods 
and apparatus for sealingly attaching two tubular members 
are provided. One of the tubular members has a radially 
reduced portion and a sealing material carried externally on 
the radially reduced portion. The tubular member with the 
radially reduced portion is inserted into the other tubular 
member and the radially reduced portion is radially out 
wardly extended. This may be accomplished by any method, 
including swaging, applying ?uid pressure within the radi 
ally reduced portion, axially compressing a member within 
the radially reduced portion, etc. Outward expansion of the 
radially reduced portion may also cause outward expansion 
of the outer tubular member, and may cause plastic deforma 
tion of the outer tubular member. 

In still another aspect of the present invention, a wellbore 
connector in a parent wellbore is interconnected with a tubu 
lar structure positioned in a parent or lateral wellbore. A 
tubular member is inserted into one or both of the wellbore 
connector and the tubular structure. A radially reduced por 
tion of the tubular member is then radially outwardly 
extended to sealingly engage one or both of the wellbore 
connector and the tubular structure. A minimum internal 
dimension of the tubular member may thereby be increased. 

In another aspect of the present invention, a packer is 
formed by providing one or more radially reduced portions 
on a tubular body. A sealing material is disposed externally 
on each of the radially reduced portions. A grip member may 
also be carried on the radially reduced portion and may be 
molded at least partially into the sealing material. 

In yet another aspect of the present invention, a method of 
forming an opening through a sidewall of a tubular structure 
lining a wellbore is provided. A de?ection device having a 
substantially axially extending guide layer outwardly over 
lying a body of the de?ection device is positioned in the 
wellbore. A cutting tool is then displaced axially relative to 
the de?ection device. A guide portion of the cutting device 
engages the guide layer, guiding the cutting tool to form the 
opening while cutting through the guide layer. 

These and other features, advantages, bene?ts and objects 
of the present invention will become apparent to one of ordi 
nary skill in the art upon careful consideration of the detailed 
description of representative embodiments of the invention 
hereinbelow and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lAilD are schematic cross-sectional views of a 
?rst method of interconnecting wellbores, the method 
embodying principles of the present invention; 



US RE41,059 E 
3 

FIGS. 2Ai2D are schematic cross-sectional vieWs of a 
second method of interconnecting Wellbores, the method 
embodying principles of the present invention; 

FIGS. 3Ai3B are schematic cross-sectional vieWs of a 
third method of interconnecting Wellbores, the method 
embodying principles of the present invention; 

FIGS. 4Ai4B are schematic cross-sectional vieWs of a 
fourth method of interconnecting Wellbores, the method 
embodying principles of the present invention; 

FIGS. 5Ai5D are schematic cross-sectional vieWs of a 
?fth method of interconnecting Wellbores and apparatus 
therefor, the method and apparatus embodying principles of 
the present invention; 

FIGS. 6Ai6B are partially elevational and partially cross 
sectional vieWs of a sealing device embodying principles of 
the present invention; 

FIGS. 6Ci6F are someWhat enlarged cross-sectional 
vieWs of alternate forms of a grip member utiliZed in the 
sealing device of FIGS. 6Ai6B 

FIG. 7 is a cross-sectional vieW of a method of sealingly 
attaching tubular members, the method embodying prin 
ciples of the present invention; 

FIG. 8 is a cross-sectional vieW of a packer and a ?rst 
method of setting the packer, the packer and method 
embodying principles of the present invention; 

FIG. 9 is a cross-sectional vieW of the packer of FIG. 8 
and a second method of setting the packer, the method 
embodying principles of the present invention; and 

FIG. 10 is a cross-sectional vieW of the packer of FIG. 8 
and a method of retrieving the packer, the method embody 
ing principles of the present invention. 

DETAILED DESCRIPTION 

Representatively illustrated in FIGS. 1A*1D is a method 
10 of interconnecting Wellbores Which embodies principles 
of the present invention. In the folloWing description of the 
method 10 and other methods and apparatus described 
herein, directional terms, such as “above”, “beloW”, 
“upper”, “loWer”, etc., are used for convenience in referring 
to the accompanying draWings. Additionally, it is to be 
understood that the various embodiments of the present 
invention described herein may be utiliZed in various 
orientations, such as inclined, inverted, horizontal, vertical, 
etc., Without departing from the principles of the present 
invention. 
As representatively illustrated in FIG. 1A, initial steps of 

the method 10 have already been performed. A parent of 
main Wellbore 12 has been drilled from the earth’s surface. 
The parent Wellbore 12 has been lined With protective casing 
14, and cement 16 has been ?oWed into the annular space 
betWeen the casing and the Wellbore above a casing shoe 18 
at the loWer end of the casing. It is, hoWever, to be clearly 
understood that it is not necessary for the Wellbore 12 to 
extend directly to the earth’s surface. Principles of the 
present invention may be incorporated in a method in Which 
the Wellbore 12 is actually a lateral Wellbore or branch of 
another Wellbore. 

After the casing 14 has been cemented in the Wellbore 12, 
a radially enlarged cavity 20 is formed in the earth beloW the 
casing shoe 18. The cavity 20 may be formed by any knoWn 
procedure, such as by drilling into the earth beloW the casing 
shoe 18 and then underreaming, hydraulic jet cutting, 
explosives, etc. Thus, the cavity 20 may be formed Without 
milling through the casing 14. 

After the cavity 20 has been formed, an expandable Well 
bore connector 22 is conveyed into the Wellbore 12 attached 
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4 
to a tubular string 24. The Wellbore connector 22 is of the 
type Which has a collapsed, contracted or retracted con?gu 
ration as shoWn in FIG. 1A, Which permits it to be conveyed 
Within the dimensional con?nes of the casing 14, and an 
extended or expanded con?guration as shoWn in FIG. 1B, 
Which permits it to be interconnected to multiple tubular 
members, at least one of Which extends laterally outWardly 
therefrom. Examples of Wellbore connectors Which may be 
utiliZed in the method 10 are those described in published 
European patent application EP0795679A2, published PCT 
patent application WO 97/06345, and Us. Pat. No. 5,388, 
648, the disclosures of Which are incorporated herein by this 
reference. Other Wellbore connectors, and other types of 
Wellbore connectors, may be utiliZed in the method 10 With 
out departing from the principles of the present invention. 

Referring noW to FIG. 1B, the Wellbore connector 22 is 
positioned Within the cavity 20. The Wellbore connector 22 
is oriented With respect to the Wellbore 12, so that its lateral 
?oW passage 26, When expanded or extended, Will be 
directed toWard a desired lateral or branch Wellbore 28 (see 
FIG. 1C). This orientation of the Wellbore connector 22 may 
be accomplished by any knoWn procedure, such as by using 
a gyroscope, high-side indicator, etc. An orienting pro?le 30 
may be formed in, or otherWise attached to, the Wellbore 
connector 22 to aid in the orienting operation. 
The Wellbore connector 22 is expanded or extended, so 

that at least one lateral ?oW passage 26 extends outWardly 
therefrom. If desired, the lateral ?oW passage 26 may be 
sWaged or otherWise made to conform to a cylindrical or 
other shape, to enhance the ability to later attach and/or seal 
tubular members thereto, pass tubular members 
therethrough, etc. 

With the Wellbore connector 22 positioned in the cavity 
20, oriented With respect to the lateral Wellbore 28 to be 
drilled, and the lateral ?oW passage 26 extended, cement 34 
is ?oWed into the cavity and Within the casing 14 beloW a 
packer 32 of the tubular string 24. The packer 32 is set in the 
casing 14 after the cement 34 is ?oWed into the cavity 20. A 
closure 36 may be utiliZed to prevent the cement 34 from 
?oWing into the Wellbore connector 22. A similar or different 
type of closure, or a cementing shoe, may be utiliZed to 
prevent the cement from ?oWing into a loWer axial ?oW 
passage 40. 
When the cement 34 has hardened, the parent Wellbore 12 

may be extended by loWering a drill or cutting tool, such as 
the cutting tool 38 shoWn in FIG. 1C, through the tubular 
string 24 and the Wellbore connector 22, and drilling through 
the cement 34 and into the earth beloW the cavity 20. In this 
manner, a loWer parent Wellbore 42 may be formed extend 
ing axially or longitudinally from the Wellbore connector 22. 
If, hoWever, the How passage 40 is other than axially or 
longitudinally directed, the Wellbore 42 may also be other 
than axially or longitudinally directed as desired. 
A liner, casing or other tubular member 44 is then con 

veyed into the Wellbore 42. The tubular member 44 is 
cemented in the Wellbore 42 and sealingly attached to the 
Wellbore connector 22 at the How passage 40 utiliZing a 
sealing device 46. The sealing device 46 may be a packer, 
liner hanger, or any other type of sealing device, including a 
sealing device described more fully beloW. 
At this point, the loWer point Wellbore 42 may be com 

pleted if desired. For example, the tubular member 44 may 
be perforated opposite a formation intersected by the Well 
bore 42 from Which, or into Which, it is desired to produce or 
inject ?uid. Alternatively, completion of the Wellbore 42 
may be delayed until after drilling of the lateral Wellbore 28, 
or performed at some other time. 






















